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1
OBJECT DETECTION TECHNIQUES

BACKGROUND

Object detection may be utilized to support a wide variety
of functionality. One example of this functionality 1s face
detection. Face detection may be utilized in a variety of
ways, such as to determine whether an 1mage includes a
face, an 1dentity of a face that 1s included 1n the 1image (e.g.,
tacial recognition), a location of the face in the 1image, the
scale and size of a face, the orientation of a face, and so on.

Conventional techniques that were utilized to perform
face detection, however, were oiten resource intensive.
Theretfore, these techniques were off 1ll-suited for use by
mobile communications devices that may have limited pro-
cessing or memory resources such as mobile phones, tablets
and so forth. For example, these techniques, when utilized
by a mobile communications device, could consume a
majority of the available computational resources of the
device, may not support performance in real time, drain
battery quickly and so on and therefore limit the usefulness
of the techniques with the device.

Consequently, use of these techniques was often limited to
devices having a signmificant amount of resources. Even then,
the proliferation of techniques that are utilized to conserve
power and even computational resources of resource-rich
devices could also limit the usetulness of conventional face
detection techmques from being performed adequately by
these devices.

SUMMARY

Object detection techniques are described. In one or more
implementations, a computing device receives a plurality of
images that were captured using one or more cameras, Or
from other sources, such as reading from a file. The plurality
of 1mages are analyzed by the computing device to detect
whether the 1mages include, respectively, a depiction of an
object. The analyzing 1s performed such that one or more
portions used to detect the object 1n a first one of the 1images
1s different than one or more portions used to detect the
object 1n a second one of the images.

In one or more implementations a computing device
includes a processing system and memory. The processing
system 1ncludes a plurality of processor cores, each of the
plurality of processor cores 1s configured to execute one or
more threads such that the processing system 1s configured
to execute a plurality of the threads in parallel. The memory
1s configured to store one or more instructions that are
executable to cause the processor system to perform opera-
tions. The operations include analyzing one or more 1images
to detect an object 1n which performance of the analysis 1s
separated for execution on the plurality of processor cores
such that the processor cores utilize different scales or
angles, one to another, to perform the analysis to detect the
object.

In one or more implementations, a determination 1s made
by a computing device as to whether a human face has
previously been detected in one or more frames of 1mages
captured by one or more cameras. Responsive to a determi-
nation that the human face has been detected, one or more
characteristics of the previous detection of the human face
are utilized to detect the human face 1 one or more
subsequent frames of 1mages. Responsive to a determination
that the human face has not been detected, a plurality of
processor cores ol the computing device are employed to
analyze the one or more subsequent frames to perform the
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2

detection 1n which performance of the analysis 1s separated
for execution on the plurality of processor cores such that the
processor cores utilize different scales or angles, one to
another, to perform the analysis to detect the human face.
This Summary 1s provided to introduce a selection of
concepts 1 a simplified form that are further described
below 1n the Detailed Description. This Summary 1s not
intended to identily key features or essential features of the

claimed subject matter, nor 1s 1t intended to be used as an aid
in determining the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description 1s described with reference to the
accompanying figures. In the figures, the left-most digit(s) of
a reference number 1dentifies the figure 1n which the refer-
ence number first appears. The use of the same reference
numbers in different instances in the description and the
figures may indicate similar or identical items. Entities
represented 1n the figures may be indicative of one or more
entities and thus reference may be made interchangeably to
single or plural forms of the entities 1n the discussion.

FIG. 1 1s an 1llustration of an environment in an example
implementation that 1s operable to perform object detection
techniques.

FIG. 2 depicts a system 1n an example implementation
showing object detection that 1s performed using techniques
based at least in part on a likely scale of the object.

FIG. 3 depicts a system in an example implementation
showing object detection that 1s performed using techniques
to process diflerent regions of an 1mage.

FIG. 4 depicts a system in an example implementation
showing object detection that 1s performed using techniques
to detect an object that 1s located at different orientations
(e.g., angles) 1n an 1mage.

FIG. 5 depicts an example of a system including a
plurality of processor cores of a processing system that 1s
leveraged to perform the object detection techmiques
described herein.

FIG. 6 depicts a system 1n an example implementation 1n
which historical data 1s leveraged to perform object detec-
tion.

FIG. 7 1s a flow diagram depicting a procedure 1 an
example 1mplementation 1 which object detection 15 per-
formed such that images are processed diflerently to perform
the detection

FIG. 8 1s a flow diagram depicting a procedure 1in an
example implementation 1n which previous detection of an
object such as a human face 1s leveraged to perform object
detection.

FIG. 9 illustrates an example system including various
components of an example device that can be implemented
as any type of computing device as described with reference
to FIGS. 1-8 to implement embodiments of the techniques
described herein.

DETAILED DESCRIPTION

Overview

Computing devices may be configured to reduce power
consumption, €.g., when a workload 1s relatively low. For
example, mobile communications devices and even conven-
tional desktop computers or laptops may be configured to
conserve computational resources. However, conventional
face detection techniques may consume significant amounts
of computational resources of a computing device and thus
may run counter to these configurations.
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Object detection techniques are described. In one or more
implementations, object detection techniques such as face
detection may be configured to be performed with increased
elliciency over conventional techniques. This may include
configuration of how an object 1s detected, such as a
scale/size Tor the object, where 1n an 1mage object detection
1s performed, angles at which an object 1s oriented 1n an
image, location of the object, and so on. Additionally, these
techniques may leverage multi-core processor systems such
that different techniques (e.g., scale/size, angle, region) are
performed at different cores, searching through diflerent
locations, different aspects of the techniques (e.g., different
scales/s1zes), and so on may be performed on the different
cores. Further, object detection may be performed by lever-
aging knowledge of object detection performed for previous
frames of a video stream. This may include leveraging
previous detection ol where an object was located 1n an
image, an angle at which the object was detected, a scale of
the detected object, and so on. Thus, a vanety of diflerent
techniques may be utilized to increase efliciency and
decrease computational resource consumption in detecting
an object 1n an 1mage, such as a face. Further discussion of
these and other examples may be found 1n relation to the
following sections

In the following discussion, an example environment 1s
first described that may employ the techniques described
herein. Example procedures are then described which may
be performed 1n the example environment as well as other
environments. Consequently, performance of the example
procedures 1s not limited to the example environment and
the example environment 1s not limited to performance of
the example procedures.

Example Environment

FIG. 1 1s an illustration of an environment 100 1n an
example implementation that 1s operable to employ tech-
niques described herein. The illustrated environment 100
includes a computing device 102 that may be configured 1n
a variety of ways. For example, the computing device 102
may be configured as a computer that 1s capable of com-
municating over a network 104, The computing device 102
may also be configured as a low-resource device with
limited memory and/or processing resources, such as tradi-
tional set-top boxes, a mobile communications device as
illustrated such as a mobile phone, tablet, portable game
device, portable gaming device, and so on. Additionally,
although a single computing device 102 1s shown, the
computing device 102 may be representative of a plurality of
different devices, such as multiple servers utilized by a
business to perform operations such as by the web service
104, a remote control and set-top box combination, an 1mage
capture device and a game console configured to capture
gestures, and so on.

Although the network 104 1s 1llustrated as the Internet, the
network may assume a wide variety ol configurations. For
example, the network 104 may include a wide area network
(WAN), a local area network (LAN), a wireless network, a
public telephone network, an intranet, and so on. Further,
although a single network 104 1s shown, the network 104
may be configured to include multiple networks.

The computing device 102 1s also 1llustrated as including
a processing system 106 and an example ol computer-
readable storage media, which 1n this instance 1s memory
108. Although a single memory 108 1s shown, a wide variety
of types and combinations of memory may be employed,
such as random access memory (RAM), hard disk memory,
removable medium memory, and other types of computer-
readable media.
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The processing system 106 1s not limited by the materials
from which 1t 1s are formed or the processing mechanisms
employed therein. For example, the processing system 106
may be comprised of semiconductor(s) and/or transistors
(e.g., electronic integrated circuits (ICs)), such as a system
on a chip, CPUs, functional blocks, and so on. In such a
context, executable instructions may be electronically-ex-
ecutable 1nstructions. Alternatively, the mechanisms of or
for processing system 106, and thus of or for a computing
device, may include, but are not limited to, quantum com-
puting, optical computing, mechanical computing (e.g.,
using nanotechnology), and so forth.

In the illustrated example, the processing system 106
includes a plurality of processor cores 110, which may be
integrated 1nto one or more integrated circuit packages. Each
of the processor cores 110 1s representative ol a central
processing unit that may execute a thread. Thus, the plurality
of processor cores 110 may be leveraged to execute a
plurality of threads 1n parallel. The processor cores 110 may
be leveraged to support a variety of functionality, examples
of which are further described below.

The computing device 102 1s further illustrated as includ-
ing an operating system 112. The operating system 112 1s
configured to abstract underlying functionality of the com-
puting device 102 to applications 114 that are executable on
the computing device 102. For example, the operating
system 112 may abstract the processing system 106,
memory 108, network, input/output, and/or display func-
tionality of the computing device 102 such that the appli-
cations 114 may be written without knowing “how” this
underlying functionality 1s implemented. The application
114, for 1instance, may provide data to the operating system
112 to be rendered and displayed by the display device 104
without understanding how this rendering will be per-
formed. An example of this 1s 1llustrated as a user interface
that 1s displayed on the display device 116 of the computing
device 102. The operating system 108 may also represent a
variety of other functionality, such as to manage a file
system and user interface that 1s navigable by a user of the
computing device 102.

The operating system 112 1s also 1illustrated as including
an object detection module 118. The object detection module
118 1s representative of functionality to detect objects such
as Taces 1 1mages 120. The images 120, for instance, may
be captured by a camera 122 of the computing device 102 or
other device, such as a dedicated camera, other computing
device, and so on. The camera 122 may be configured 1n a
variety of ways, such as a front facing or rear facing camera
disposed 1n a housing of the computing device 102 when
configured 1 a mobile configuration, a gesture capture
device of a game console, and so forth. Thus, the object
detection module 118 may be implemented as part of the
operating system 112 of the computing device 102, as a
stand-alone module, as part of the applications 114, imple-
mented all or as part of a web service available via the
network 104, and so on.

Regardless of where the images 120 originated or how the
object detection module 118 1s implemented, the object
detection module 118 may utilize a wide variety of tech-
niques to perform object detection. For example, the object
detection module 118 may be configured to process a
plurality of images 120 that are included 1n a video stream.
Object detection may be utilized to support a variety of
functionality, such as to detect whether an object (e.g., a
face) 1s included 1n an 1image, to i1dentily a face 1n an 1image
(e.g., facial recognition), identily location and/or movement
of an object (e.g., a game controller), and so forth. As
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previously described, however, mobile communications
devices and even full resource devices may be configured to
conserve computational resources and thus power consump-
tion of the device and as such conventional detection tech-
niques may run counter to this desire.

Accordingly, the object detection module 118 may be
configured to employ a variety of techniques to improve
elliciency and computational resource usage 1n performing
object detection, such as facial recognition. For example, the
object detection module 118 may be configured to detect
objects using different scales, an example of which 1is
described 1n relation to FIG. 2. In another example, the
object detection module 118 may be configured to detect
objects 1n particular regions of an 1mage, an example of
which 1s described 1n relation to FIG. 3. In a further example,
the object detection module 118 may be configured to detect
objects located at different angles 1n the 1mage, an example
of which 1s described 1n relation to FIG. 4.

The object detection module 118 may also be configured
to leverage a plurality of processor cores 110 of the proces-
sor system 106 to perform this or other analysis, an example
of which 1s described 1n relation to FIG. 5. Yet further, the
object detection module 118 may also be configured to
leverage knowledge of previous detection of an object such
as to optimize a detection process based on whether an
object on object was detected 1n a previous frame, examples
of which are described 1n relation to FIG. 6.

Other examples of functionality that may be employed by
the object detection module 118 are also contemplated and
discussed in the following. Although the following discus-
s10n describes examples of object detection that involve face
detection, other objects are also contemplated, such as to
detect a game controller for a game system, prop mvolved
in a presentation, and so on as previously described.

FIG. 2 depicts a system 200 1n an example implementa-
tion showing object detection that 1s performed using tech-
niques based at least 1n part on a likely scale of the object.
The system 200 1s shown as including first, second, and third
operations 202, 204, 206. Although the operations are shown
sequentially 1n the figure, 1t should be readily apparent that
the order at which the operations are performed may change
without departing from the spirit and scope thereof. Further,
the operations may be performed 1n parallel through use of
a plurality of processor cores 110, an example of which 1s
turther described 1n relation to FIG. 5.

At the first operation 202, the object detection module 118
analyzes the image 120 based on a likely scale of an object,
which 1s a face 1n this example. The scale 1s shown through
the use of phantom lines that show examples of portions of
the 1mage 120 that are processed by the object detection
module 118 to locate the object, e.g., a face. Although
non-overlapping portions are shown, the object detection
module 118 may also utilize portions that overlap, e.g.,
t_’lrough a step function in which a portion (e.g., window)
that 1s analyzed 1s moved based on a step that 1s sized less
than a size along one or more axes of the portion, e.g., a ten
by ten pixel square portion that 1s moved by steps of five
pixels.

If an object (e.g., a face) 1s not detected 1n this example,
a smaller scale (e.g., size) 1s utilized as part of the second
operation 204 by the object detection module 118 to locate
the object 1 the image 120. As belfore, although non-
overlapping portions are shown, the object detection module
118 may also utilize portions that overlap, e.g., through a
step function.

The process 1n this example may continue for increasingly
smaller scales until an object 1s detected by the object
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6

detection module 118 as shown 1n the third operation 206. In
this way, the object detection module 118 may be configured
to locate objects that correspond, generally, to a predeter-
mined scale and thus may conserve processing resources
that would otherwise be consumed without such a limitation.

The system 200 1n this example 1s configured to locate an
object (e.g., a face) 1n an 1mage 120 that has the largest scale
and once done, the process ceases. This may support a
variety of functionality, such as to locate and identity a
likely user/owner of the computing device 102, e.g., to
perform facial recognition to recognize a user to act as a
password, for use 1n a gaming system to determine a likely
user that 1s interacting with the system (e.g., watching TV,
playing a game), and so forth. Other examples are also
contemplated, such as to reverse the order, perform 1n
parallel, and so on.

FIG. 3 depicts a system 300 in an example implementa-
tion showing object detection that 1s performed using tech-
niques to process different regions of an 1mage. As previ-
ously described, the images 120 received by the object
detection module 118 may be part of a video stream.
Consequently, 1t may be computationally expensive to fully
process each of the images 120, especially 1n real time using
conventional object detection techmques Accordingly, 1n
this example different regions of an 1mage or different
images are analyzed to perform object detection.

The system 300 1s shown as including first and second
operations 302, 304. Although the operations are shown
sequentially 1n the figure, i1t should be readily apparent that
the order at which the operations are performed may change
without departing from the spirit and scope thereof. Further,
the operations may be performed 1n parallel through use of
a plurality of processor cores 110, an example of which 1s
turther described 1n relation to FIG. 6.

At the first operation 302, the object detection module 118
1s 1llustrated as analyzing a region that includes approxi-
mately two-thirds of the left side of the image 120 to detect
an object, e.g., a face. Consequently, the first operation 302
forgoes analysis of the other one-third of the image 120 1n
this example.

The second operation 304 1s then used to analyze a region
that includes approximately two-thirds of the right side of a
subsequent 1mage 306 to detect an object. As before, the
second operation 304 thereby forgoes analysis of the other
one third of the image 120 1n this example. For example, the
subsequent 1mage 306 may follow mmage 120 1 a video
stream captured by the camera 122 of the computing device
102. It should be readily apparent that although left and right
regions were described, a variety of other examples are also
contemplated, such as a sequence that starts with a center
portion and then 1s followed by leit or right portions, top or
bottom portions, and so on. Further although this analysis
was described for diflerent 1mages, this technique may also
be perform using a single image without departing from the
spirit and scope thereof.

The scale and location of the region may be also be
configured based on a variety of different considerations. For
example, the scale of the region may be based on compu-
tational (e.g., processing, memory) resources of the com-
puting device 102. A location of the region in the image 120
may be based on a likelihood of “where” 1n the 1mage 120
the object 1s located, e.g., based on historical data as further
described 1n relation to FIG. 6, and so on. An order at which
different locations are cycled may also be configured based
on a variety ol considerations, such as “where” an object
was last seen which 1s also described 1n relation to FIG. 6.
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A varniety of other examples are also contemplated without
departing from the spirit and scope thereof.

FIG. 4 depicts a system 400 1n an example implementa-
tion showing object detection that 1s performed using tech-
niques to detect an object that 1s located at diflerent orien-
tations 1n an 1mage. The system 400 1s shown as including
first, second, and third operations 402, 404, 406. Although
the operations are shown sequentially 1n the figure, 1t should
be readily apparent that the order at which the operations are
performed may change without departing from the spirit and
scope thereof. Further, the operations may be performed 1n
parallel through use of a plurality of processor cores 110, an
example of which 1s further described 1n relation to FIG. 5.

At the first operation 402, the object detection module 118
analyzes the image 120 at a first orientation, which in this
instance 1s a face angle of zero degrees. As shown 1in the
image 120, for instance, three members of a family are
depicted, each with a facial orientation that 1s different with
respect to the image. The object detection module 118 may
therefore be configured to look at different likely orienta-
tions 1 a sequence that 1s configured to locate a desired
object, such as a likely user of the computing device 102 as
previously described. Therefore, a face angle of a user
ortented at approximately zero degrees may have an
increased likelihood of being a user of the computing device
102. Accordingly, the object detection module 118 may first
begin by analyzing the image 120 for faces disposed at that
orientation 1n the image 120.

Successively larger angles may then be used for subse-
quent operations, such as a face angle at approximately 22
degrees as shown in the second operation 404 followed by
a face angle at approximately 67 degrees for the third
operation 406. Thus, the process i this example may
continue for increasingly larger angles until an object 1s
detected by the object detection module 118. In this way, the
object detection module 118 may be configured to conserve
processing resources that would otherwise be consumed
without such a limitation to achieve the desired result, e.g.,
a user of the computing device 102 1n this example. Other
examples are also contemplated, such as to reverse the order,
perform 1n parallel, and so on.

FIG. 5 depicts an example of a system 500 including a
plurality of processor cores of a processing system that 1s
leveraged to perform the object detection techniques
described herein. As shown 1n FIGS. 2-4 and subsequent
discussion of FIG. 6, a varniety of different operations may be
performed to improve performance and reduce consumption
of computational resources of a computing device 102 to
perform object detection. Another example of such an
improvement may involve leveraging of a multi-core pro-
CEeSSOor.

As depicted 1n the system 500 of FIG. 5, for instance, a
quad-core processing system 106 1s shown that includes
processor cores 502, 504, 506, 508. Fach of the processor
cores 502-508 may be configured to execute a respective
thread and as such execution of the threads by the processor
cores 502-508 may be performed in parallel. For example,
processor core 502 may be utilized to execute the operating
system 112. The other processor cores 504-508 may be
utilized to perform object detection 510, 512, 514 opera-
tions.

A variety of diflerent combinations of object detection
510-514 operations may be performed by the processor
cores 504-508. For example, different scales of portions 1n
which the object detection module 118 is to perform object
detection as described in relation to FIG. 2 may be per-
tformed 1n parallel. Likewise, diflerent regions of the same or
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different images may be processed as described 1n relation to
FIG. 3, different angles of orientation of an object may be
analyzed as described 1n relation to FIG. 4, and so on. In
another example, diflerent types ol operations involved 1n
object detection may be performed by different ones of the
plurality of processor cores 504-508, such as diflerent
scales, regions, and/or orientations may be analyzed by the
respective cores.

Additionally, operations may be managed to support
desired functionality. In the example described in relation to
FIG. 2, for instance, successively smaller search areas were
utilized 1in one implementation such that a largest face in an
image 120 was detected. To support similar functionality 1n
a multi-core system, the threads may be managed such that
if a face 1s detected by a thread, other threads processing
smaller areas may be caused to stop processing, while larger
areas (11 any) may continue to be processed. Other examples
are also contemplated, such as to promote location of a user
facing a computing device 102 as described 1n relation to
FIG. 4.

FIG. 6 depicts a system 600 in an example implementa-
tion 1n which historical data 1s leveraged to perform object
detection. As previously described, the image 120 may be
part of an 1mage stream captured by a camera 122 of the
computing device 102 or other device. As such, a plurality
of 1mages 120 may be processed by the object detection
module 118 to detect objects and therefore this past pro-
cessing may be leveraged to aid subsequent processing
performed by the object detection module 118.

For example, a plurality of operations performable by an
object detection module 118 are illustrated as first, second,
and third operations 602, 604, 606 for respective {irst,
second, and third images 608, 610, 612. In the first operation
602, the object detection module 118 may detect a face of a
soccer player in image 608. In the second operation 604, the
object detection module 118 may again detect the face of the
soccer player 1in the image 610, but this time the face 1s both
larger and at a different location than 1n 1mage 608.

At the third operation 606, the face of the soccer player 1s
no longer included 1n the image 612 and consequently the
object detection module 118 has “lost” the object. Accord-
ingly, the object detection module 118 may leverage heu-
ristics generated from previous detections to optimize sub-
sequent operations utilized to detect the object. For example,
a location at which the object was last detected may serve to
define a region that 1s to be searched as shown in the third
operation 606. Thus, detected movement of the object may
be utilized as a basis to predict a likely location of where the
object may be detected in a subsequent image.

A scale of the object may also be leveraged, such as to
begin a search 1n subsequent images based on a most recent
scale of the object when last detected, used to predict the
range of likely scale of the object 1n a second frame, and so
on. Other examples are also contemplated, such as to begin
an analysis for a likely angle (e.g., orientation) of the object
based on past orientations, and so on.

Additionally, operations may incorporate a plurality of the
different techniques described above. In the implementation
example below, for instance, the object detection module
118 executes 1nstructions to search (left, small), (left, large),
(right, small), (right, large), then starts over again on suc-
cessive frames, 1 order to spend fewer cycles on the face
detection of one frame but increase the latency of successiul
detection a little bit, 1.e. within 4 frames, 1nstead of just one
frame. When a face 1s found, the module searches 40% of the
face scale to the left and right, horizontally, and 20% above
and below, vertically, and restricts the scale to two scales
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smaller and larger, in size. These values may vary based on
a frame rate and how {far the face 1s expected to move
between frames, and the target frame resolution. For

example, at higher frame rates the region and scale area may
be reduced further.

LONG currentSearchPiece = 0
RECT rearchAreaPiece[ | = {
{0, 0, videoMediaType.width * 75%, videoMediaType.height * 75%]},
{videoMediaType.width * 25%, videoMediaType.height * 25%,
videoMediaType.width, videoMediaType.height},
h
LONG faceMinPiece[ ]| = {
MIN_FACE_SIZE,
MIN_FACE_SIZE + (MAX_FACE_SIZE - MIN_FACE_SIZE) / 2),
h
LONG faceMaxPiece[ ]| = {
faceMinPiece[1] + 1,
MAX_FACE_SIZE,

;

FACE Detect(lastFace, videoFrame)
1
FACE returnkace;
If (face 1s found)
{
LONG faceWidth = (lastFace.right — lastFace.left)
LONG faceHeight = (lastFace.bottom — lastFace.top)
LONG additional Width = (faceWidth) * 40%
LONG additionalHeight = (faceHeight) * 20%
RECT searchArea = {
MAX(lastFace.left — addtionalWidth, 0),
MAX(lastFace.top — additionalHeight, 0),
MIN(lastFace.right + addtionalWidth, videoMediaType.width),
MAX((lastFace.top + additionalHeight, videoMediaType.height)}
LONG faceMin = MAX(lastFace.size-2, MIN_FACE_SIZE)
LONG faceMax = MIN(lastFace.size+2, MAX_ FACE SIZE)

returnFace = FaceDetect(videoFrame, searchArea, faceMin,
faceMax)

;

Else

1

currentSearchPiece = (currentSearchPiece+1) % 4;

RECT searchArea = rearchAreaPiece[currentSearchPiece % 2]

LONG faceMin = faceMinPiece[currentSearchPiece / 2]

LONG faceMax = faceMaxPiece[currentSearchPiece / 2]

returnFace = FaceDetect(videoFrame, searchArea, faceMin,
faceMax)

h

return returnface

;

Example Procedures

The following discussion describes object detection tech-
niques that may be implemented utilizing the previously
described systems and devices. Aspects of each of the
procedures may be implemented 1n hardware, firmware, or
software, or a combination thereof. The procedures are
shown as a set of blocks that specily operations performed
by one or more devices and are not necessarily limited to the
orders shown for performing the operations by the respec-
tive blocks. In portions of the following discussion, refer-
ence will be made to FIGS. 1-6.

FIG. 7 depicts a procedure 700 in an example implemen-
tation 1n which object detection 1s performed such that
images are processed differently to perform the detection. A
computing device receives a plurality of images that were
captured using one or more cameras (block 702). This may
include images 120 captured by a camera 122 of the com-
puting device 102 or other computing device, through
implementation as a web service, and so on.

The plurality of 1images are analyzed by the computing
device to detect whether the 1images include, respectively, a
depiction of an object. The analyzing 1s performed such that
one or more portions used to detect the object 1n a first one
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of the 1images 1s different than one or more portions used to
detect the object 1n a second one of the images (block 704).
The differences may be defined 1n a variety of ways, such as
to analyze different portions of the image, likely scales or
angles (e.g., orientations) of the object, and so on. Further,
these diflerence may be combinable into a process, an

example of which 1s shown 1n the implementation example
above.

FIG. 8 depicts a procedure 800 1n an example implemen-
tation 1 which previous detection of an object such as a
human face 1s leveraged to perform object detection. A
determination 1s made by a computing device as to whether
a human face has previously been detected 1n one or more
frames of 1mages captured by one or more cameras (block
802). For example, the 1image detection module 118 may
have processed a plurality of 1images 120 in a video stream
to locate an object. Therefore, this determination may be
based on whether that object was detected 1n the images 120.

Responsive to a determination that the human face has
been detected, one or more characteristics of the previous
detection of the human face are utilized to detect the human
face 1n one or more subsequent frames of 1mages (block
804). For example, the characteristics may describe a loca-
tion, scale, angle, and so on of the object (e.g., face)
detected. These characteristics may then serve as a basis to
form a prediction as to where/how the object 1s to be
detected 1n subsequent 1mages 1n the video stream.

Responsive to a determination that the human face has not
been detected, a plurality of processor cores of the comput-
ing device are employed to analyze the one or more subse-
quent frames to perform the detection 1n which performance
of the analysis 1s separated for execution on the plurality of
processor cores such that the processor cores utilize diflerent
scales or angles, one to another, to perform the analysis to
detect the human face (block 806). As described 1n relation
to FIG. 6, for instance, diflerent operations may be per-
formed by different processor cores of a processing system
106 to locate the 1mage. In one or more implementations, the
plurality of processor cores may also be employed 1n the
even an 1mage has been detect in previous 1images, €.g., such
to target different characteristics using different cores. A
variety of other examples are also contemplated as previ-
ously described.

Example System and Device

FIG. 9 1llustrates an example system generally at 900 that
includes an example computing device 902 that 1s represen-
tative of one or more computing systems and/or devices that
may 1mplement the various techniques described herein as
illustrated through inclusion of the object detection module
118. The computing device 902 may be, for example, a
server of a service provider, a device associated with a client
(e.g., a client device), an on-chip system, and/or any other
suitable computing device or computing system.

The example computing device 902 as illustrated includes
a processing system 904, one or more computer-readable
media 906, and one or more /O interface 908 that are
communicatively coupled, one to another. Although not
shown, the computing device 902 may further include a
system bus or other data and command transier system that
couples the various components, one to another. A system
bus can include any one or combination of different bus
structures, such as a memory bus or memory controller, a
peripheral bus, a universal serial bus, and/or a processor or
local bus that utilizes any of a variety of bus architectures.
A variety of other examples are also contemplated, such as
control and data lines.

[
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The processing system 904 1s representative of function-
ality to perform one or more operations using hardware.
Accordingly, the processing system 904 1s illustrated as
including hardware element 910 that may be configured as
processors, functional blocks, and so forth. This may include 5
implementation in hardware as an application specific inte-
grated circuit or other logic device formed using one or more
semiconductors. The hardware elements 910 are not limited
by the maternials from which they are formed or the process-
ing mechanisms employed therein. For example, processors 10
may be comprised of semiconductor(s) and/or transistors
(¢.g., electronic integrated circuits (ICs)). In such a context,
processor-executable instructions may be electronically-ex-
ecutable 1nstructions.

The computer-readable storage media 906 1s illustrated as 15
including memory/storage 912. The memory/storage 912
represents memory/storage capacity associated with one or
more computer-readable media. The memory/storage com-
ponent 912 may include volatile media (such as random
access memory (RAM)) and/or nonvolatile media (such as 20
read only memory (ROM), Flash memory, optical disks,
magnetic disks, and so forth). The memory/storage compo-
nent 912 may include fixed media (e.g., RAM, ROM, a fixed
hard drive, and so on) as well as removable media (e.g.,
Flash memory, a removable hard drive, an optical disc, and 25
so forth). The computer-readable media 906 may be con-
figured 1n a variety of other ways as further described below.

Input/output interface(s) 908 are representative of func-
tionality to allow a user to enter commands and information
to computing device 902, and also allow information to be 30
presented to the user and/or other components or devices
using various input/output devices. Examples of input
devices include a keyboard, a cursor control device (e.g., a
mouse), a microphone, a scanner, touch functionality (e.g.,
capacitive or other sensors that are configured to detect 35
physical touch), a camera (e.g., which may employ visible or
non-visible wavelengths such as infrared frequencies to
recognize movement as gestures that do not involve touch),
and so forth. Examples of output devices include a display
device (e.g., a monitor or projector), speakers, a printer, a 40
network card, tactile-response device, and so forth. Thus, the
computing device 902 may be configured 1n a varniety of
ways as Turther described below to support user interaction.

Various techniques may be described herein 1n the general
context of solftware, hardware elements, or program mod- 45
ules. Generally, such modules include routines, programs,
objects, elements, components, data structures, and so forth
that perform particular tasks or implement particular abstract
data types. The terms “module,” “functionality,” and “com-
ponent” as used herein generally represent software, firm- 50
ware, hardware, or a combination thereof. The features of
the techniques described herein are platform-independent,
meaning that the techniques may be implemented on a
variety of commercial computing platforms having a variety
ol processors. 55

An 1mplementation of the described modules and tech-
niques may be stored on or transmitted across some form of
computer-readable media. The computer-readable media
may include a variety of media that may be accessed by the
computing device 902. By way of example, and not limita- 60
tion, computer-readable media may include “computer-read-
able storage media” and “computer-readable signal media.”

“Computer-readable storage media” may refer to media
and/or devices that enable persistent and/or non-transitory
storage of information 1n contrast to mere signal transmis- 65
sion, carrier waves, or signals per se. Thus, computer-
readable storage media refers to non-signal bearing media.

12

The computer-readable storage media includes hardware
such as volatile and non-volatile, removable and non-re-
movable media and/or storage devices implemented 1n a
method or technology suitable for storage of information
such as computer readable instructions, data structures,
program modules, logic elements/circuits, or other data.
Examples of computer-readable storage media may include,
but are not limited to, RAM, ROM, FEPROM, {lash
memory or other memory technology, CD-ROM, digital
versatile disks (DVD) or other optical storage, hard disks,
magnetic cassettes, magnetic tape, magnetic disk storage or
other magnetic storage devices, or other storage device,
tangible media, or article of manufacture suitable to store the
desired mformation and which may be accessed by a com-
puter.

“Computer-readable signal media” may refer to a signal-
bearing medium that 1s configured to transmuit istructions to
the hardware of the computing device 902, such as via a
network. Signal media typically may embody computer
readable 1nstructions, data structures, program modules, or
other data 1n a modulated data signal, such as carrier waves,
data signals, or other transport mechanism. Signal media
also include any information delivery media. The term
“modulated data signal” means a signal that has one or more
of 1ts characteristics set or changed 1n such a manner as to
encode mformation in the signal. By way of example, and
not limitation, communication media include wired media
such as a wired network or direct-wired connection, and
wireless media such as acoustic, RF, infrared, and other
wireless media.

As previously described, hardware elements 910 and
computer-readable media 906 are representative of modules,
programmable device logic and/or fixed device logic imple-
mented 1n a hardware form that may be employed 1n some
embodiments to implement at least some aspects of the
techniques described herein, such as to perform one or more
instructions. Hardware may include components of an inte-
grated circuit or on-chip system, an application-specific
integrated circuit (ASIC), a field-programmable gate array
(FPGA), a complex programmable logic device (CPLD),
and other implementations 1n silicon or other hardware. In
this context, hardware may operate as a processing device
that performs program tasks defined by instructions and/or
logic embodied by the hardware as well as a hardware
utilized to store instructions for execution, e.g., the com-
puter-readable storage media described previously.

Combinations of the foregoing may also be employed to
implement various techniques described herein. Accord-
ingly, software, hardware, or executable modules may be
implemented as one or more instructions and/or logic
embodied on some form of computer-readable storage
media and/or by one or more hardware elements 910. The
computing device 902 may be configured to implement
particular instructions and/or functions corresponding to the
soltware and/or hardware modules. Accordingly, implemen-
tation of a module that 1s executable by the computing
device 902 as software may be achieved at least partially 1n
hardware, e.g., through use of computer-readable storage
media and/or hardware eclements 910 of the processing
system 904. The instructions and/or functions may be
executable/operable by one or more articles of manufacture
(for example, one or more computing devices 902 and/or
processing systems 904) to implement techmques, modules,
and examples described herein.

As further illustrated 1n FIG. 9, the example system 900
enables ubiquitous environments for a seamless user expe-
rience when runmng applications on a personal computer
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(PC), a television device, and/or a mobile device. Services
and applications run substantially similar 1n all three envi-
ronments for a common user experience when transitioning,
from one device to the next while utilizing an application,
playing a video game, watching a video, and so on.

In the example system 900, multiple devices are inter-
connected through a central computing device. The central
computing device may be local to the multiple devices or
may be located remotely from the multiple devices. In one
embodiment, the central computing device may be a cloud
of one or more server computers that are connected to the
multiple devices through a network, the Internet, or other
data communication link.

In one embodiment, this interconnection architecture
enables functionality to be delivered across multiple devices
to provide a common and seamless experience to a user of
the multiple devices. Each of the multiple devices may have
different physical requirements and capabilities, and the
central computing device uses a platform to enable the
delivery of an experience to the device that 1s both tailored
to the device and yet common to all devices. In one
embodiment, a class of target devices 1s created and expe-
riences are tailored to the generic class of devices. A class of
devices may be defined by physical features, types of usage,
or other common characteristics of the devices.

In various implementations, the computing device 902
may assume a variety of diflerent configurations, such as for
computer 914, mobile 916, and television 918 uses. Each of
these configurations includes devices that may have gener-
ally different constructs and capabilities, and thus the com-
puting device 902 may be configured according to one or
more of the different device classes. For instance, the
computing device 902 may be implemented as the computer
914 class of a device that includes a personal computer,
desktop computer, a multi-screen computer, laptop com-
puter, netbook, and so on.

The computing device 902 may also be implemented as
the mobile 916 class of device that includes mobile devices,
such as a mobile phone, portable music player, portable
gaming device, a tablet computer, a multi-screen computer,
and so on. The computing device 902 may also be 1imple-
mented as the television 918 class of device that includes
devices having or connected to generally larger screens 1n
casual viewing environments. These devices include televi-
s10oms, set-top boxes, gaming consoles, and so on.

The techniques described herein may be supported by
these various configurations of the computing device 902
and are not limited to the specific examples of the techniques
described herein. This functionality may also be imple-
mented all or 1n part through use of a distributed system,
such as over a “cloud” 920 via a platform 922 as described
below.

The cloud 920 includes and/or 1s representative of a
platiorm 922 for resources 924. The platform 922 abstracts
underlying functionality of hardware (e.g., servers) and
soltware resources of the cloud 920. The resources 924 may
include applications and/or data that can be utilized while
computer processing 1s executed on servers that are remote
from the computing device 902. Resources 924 can also
include services provided over the Internet and/or through a
subscriber network, such as a cellular or Wi-F1 network.

The platform 922 may abstract resources and functions to
connect the computing device 902 with other computing
devices. The platform 922 may also serve to abstract scaling
of resources to provide a corresponding level of scale to
encountered demand for the resources 924 that are imple-
mented via the platform 922. Accordingly, in an 1ntercon-
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nected device embodiment, implementation of functionality
described herein may be distributed throughout the system
900. For example, the functionality may be implemented 1n

part on the computing device 902 as well as via the platform
922 that abstracts the functionality of the cloud 920.

CONCLUSION

Although the example implementations have been
described 1n language specific to structural features and/or
methodological acts, 1t 1s to be understood that the 1imple-
mentations defined 1n the appended claims 1s not necessarily
limited to the specific features or acts described. Rather, the
specific features and acts are disclosed as example forms of
implementing the claimed features.

What 1s claimed 1s:
1. A method comprising:
receiving a plurality of images by a computing device, the
computing device having a processor including a first
processor core and a second processor core;

determining, by the computing device, whether an object
has been previously detected in one or more frames of
the plurality of 1images;

responsive to a determination that the object has not been

detected, employing the first processor core and the
second processor core of the computing device for
analyzing one or more subsequent frames of the plu-
rality of images by the computing device to detect
whether the images include, respectively, a depiction of
the object, the analyzing performed such that one or
more portions of the plurality of 1images used to detect
the object by the first processor core 1s diflerent than
one or more portions of the plurality of 1mages used to
detect the object by the second processor core; and

presenting object detection information for the object to a

user via an output device.

2. A method as described in claim 1, wherein the difler-
ence 1n the one or more portions for the respective first and
second said 1images mmvolves a scale assigned for the object
to perform the analyzing.

3. A method as described in claim 1, wherein the difler-
ence 1n the one or more portions for the respective first and
second said 1mages involves a region of the respective first
and second said images that 1s utilized to perform the
analyzing.

4. A method as described 1n claim 1, wherein the differ-
ence 1n the one or more portions for the respective first and
second said 1mages involves an angle at which the object 1s
to be detected 1n the respective first and second said images.

5. A method as described in claim 1, wherein the difler-
ence 1n the one or more portions for at least one of the
respective first and second said images 1s based on a
previous detection of the object in one or more of the
plurality of frames.

6. A method as described 1n claim 5, wherein the previous
detection 1n 1ndicates a scale of the object that 1s to be used
as a basis to perform the analysis.

7. A method as described 1n claim 5, wherein the previous
detection 1n i1ndicates a location of the object in the one or
more of the plurality of 1mages that 1s to be used as a basis
to perform the analysis.

8. A method as described 1n claim 5, wherein the previous
detection 1n 1ndicates motion of the object 1n the one or more
of the plurality of images that 1s to be used as a basis to
perform the analysis.
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9. A method as described 1in claim 8, wherein the motion
indicates a direction of movement of the object 1n the one or
more of the plurality of images.

10. A method as described in claim 5, wherein the
previous detection in 1ndicates an angle of the object 1n the
one or more of the plurality of 1images that 1s to be used as
a basis to perform the analysis.

11. A method as described 1n claim 1, wherein the object
1s a human face.

12. A method as described in claim 1, wherein the
analyzing 1s configured to be performed such that detection
ol the object by one of the processor cores causes operations
performed by the other processor core to perform the
analyzing to cease.

13. A method as described in claim 1, wherein the
analyzing 1s performed by the first processor core and the
second processor core 1n parallel.

14. A system comprising:

one or more processors; and

one or more computer-readable storage media storing

instructions that are executable by the one or more
processors to perform operations including:
receiving a plurality of images by a computing device, the
computing device having a processor including a {first
processor core and a second processor core;

determining, by the computing device, whether an object
has been previously detected in one or more frames of
the plurality of 1images;

responsive to a determination that the object has not been

detected, employing the first processor core and the
second processor core of the computing device for
analyzing one or more subsequent frames of the plu-
rality of images by the computing device to detect
whether the 1mages include, respectively, a depiction of
the object, the analyzing performed such that one or
more portions of the plurality of 1images used to detect
the object by the first processor core 1s diflerent than
one or more portions of the plurality of images used to
detect the object by the second processor core; and

presenting object detection information for the object to a

user via an output device.

15. A system as described in claim 14, wherein the
difference 1n the one or more portions for the respective first
and second said 1mages 1nvolves a scale assigned for the
object to perform the analyzing.

16. A system as described in claam 14, wherein the
difference in the one or more portions for the respective first
and second said 1mages mvolves a region of the respective
first and second said 1mages that 1s utilized to perform the
analyzing.

10

15

20

25

30

35

40

45

16

17. A system as described in claim 14, wherein the
difference 1n the one or more portions for the respective first
and second said 1images involves an angle at which the object
1s detected.

18. A system as described i claam 14, wherein the
analyzing 1s performed by the first processor core and the
second processor core 1n parallel.

19. A system as described i claiam 14, wherein the
analyzing 1s configured to be performed such that detection
of the object by one of the processor cores causes operations
performed by the other processor core to perform the
analyzing to cease.

20. A system as described in claim 14, wherein the object
1s a human face.

21. A method comprising:

determining whether an object has been previously

detected 1n one or more 1mages;
responsive to a determination that the object has not been
detected, employing a processor with a first processor
core and a second processor core for analyzing the one
or more 1mages to detect a depiction of the object;

separating execution of the analyzing on the first proces-
sor core and the second processor core such that the
first processor core and the second processor core
utilize different respective portions of the one or more
images to perform the analyzing to detect the object;
and

presenting the object detection information for the object

to a user via an output device.

22. A method as described 1n claim 21, wherein the
difference in the different portions involves a scale assigned
for the object to perform the analyzing.

23. A method as described 1n claim 21, wherein the
difference 1n the different portions for the respective images
involves a region of the respective images that 1s utilized to
perform the analyzing.

24. A method as described 1n claim 21, wherein the
difference 1n the different portions for the respective images
involves an angle at which the object 1s detected.

25. A method as described 1n claim 21, wherein the object
1s a human face.

26. A method as described 1n claim 21, wherein the
analyzing 1s performed by the first processor core and the
second processor core in parallel.

27. A method as described 1n claim 21, wherein the
analyzing 1s configured to be performed such that detection
of the object by one of the processor cores causes operations
performed by the other processor core to perform the
analyzing to cease.
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